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The key to the understanding the TelePresence Microscopy Collaboratory The key to the understanding the TelePresence Microscopy Collaboratory 
and it's role is to remember that ultimately, it is not simply the presence of and it's role is to remember that ultimately, it is not simply the presence of 
instrumentation which produces new ideas, better students or new science. instrumentation which produces new ideas, better students or new science. 

Instead, advances  results from the work of individuals who learn from  their Instead, advances  results from the work of individuals who learn from  their 
interactions with others. These individuals  continue to interact, to formulate interactions with others. These individuals  continue to interact, to formulate 

ideas or execute “experiments”  to solve vexing problems, expand  their ideas or execute “experiments”  to solve vexing problems, expand  their 
knowledge and understanding , and this carried out using the tools which knowledge and understanding , and this carried out using the tools which 
we have placed  at their disposal. we have placed  at their disposal. 

In TPM, the Collaboratory is the tool which we are developing.In TPM, the Collaboratory is the tool which we are developing.

 TelePresence Microscopy CollaboratoryTelePresence Microscopy Collaboratory

Vision of the FutureVision of the Future
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 TelePresence Collaboration  TelePresence Collaboration 
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TelePresence CollaborationTelePresence Collaboration

InstrumentationInstrumentation

CollaboratorsCollaborators

DataData

Key to All Scientific Experiments is the Key to All Scientific Experiments is the 
Interaction of  Investigators with:Interaction of  Investigators with:
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•• Working with Instruments the Experimentalist Needs:Working with Instruments the Experimentalist Needs:
–– Monitor the Progress of the ExperimentMonitor the Progress of the Experiment

•• Dials, Knobs, Gauges, Conditions, Images, Spectra.....Dials, Knobs, Gauges, Conditions, Images, Spectra.....

–– Real-Time Control of the ExperimentReal-Time Control of the Experiment
•• Ability to Interact with the InstrumentationAbility to Interact with the Instrumentation

TelePresence CollaborationTelePresence Collaboration
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•• Working with DataWorking with Data
–– Real-Time Access to Current ResultsReal-Time Access to Current Results

–– Analysis ToolsAnalysis Tools

–– High Performance Data EnginesHigh Performance Data Engines

TelePresence CollaborationTelePresence Collaboration
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TelePresence CollaborationTelePresence Collaboration

•• Working with Collaborators , Investigators Need to:Working with Collaborators , Investigators Need to:
–– Discuss the Experimental ProgressDiscuss the Experimental Progress
–– View Data While It is Being AcquiredView Data While It is Being Acquired

–– Sketch Out TrendsSketch Out Trends
–– Access Supporting DocumentationAccess Supporting Documentation
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InteractiveInteractive

CollaboratoryCollaboratory

Networks, Servers, Networks, Servers, 
Browsers,  Tools Browsers,  Tools 

UsersUsers

 Enablers Enablers

Instrumentation, Data, Standards, Instrumentation, Data, Standards, 
Legacy Platforms, Human Factors, Time, BudgetLegacy Platforms, Human Factors, Time, Budget

New ParadigmNew Paradigm
for  Interactivefor  Interactive

R&D andR&D and
EducationEducation

TelePresence CollaborationTelePresence Collaboration  

The ChallengeThe Challenge

ControlsControls

Input Input OutputOutput

MechanismsMechanisms
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Functional Requirements for CollaborationFunctional Requirements for Collaboration

•• PersistencePersistence

•• Sharable EntitiesSharable Entities

•• Sharing Techniques, Methods, ProtocolsSharing Techniques, Methods, Protocols

•• Session/Access ControlSession/Access Control

•• Discovery MechanismsDiscovery Mechanisms

•• Transport MechanismsTransport Mechanisms

•• Resource ManagementResource Management

•• Real World InterfacesReal World Interfaces
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Persistence Persistence 
FunctionsFunctions

Data ArchivingData Archiving

Session ArchivingSession Archiving

Electronic NotebooksElectronic Notebooks

Data MiningData Mining

Device InteractionsDevice Interactions

 Instrument Interface Instrument Interface

 Legacy Systems Legacy Systems

 Perphiperal Systems Perphiperal Systems

Collaboration FunctionsCollaboration Functions

Virtual WorkspaceVirtual Workspace
–– Real Time Data Real Time Data
–– Asynchronous Data Asynchronous Data
–– Observation Areas Observation Areas
–– Private Meeting Rooms Private Meeting Rooms

 Digital Media SharingDigital Media Sharing
 Tele/Video Conferencing Tele/Video Conferencing
 Data SharingData Sharing
 Library/References/Archives Library/References/Archives
 Application Sharing  Application Sharing 

––Data Analysis ToolsData Analysis Tools

    

Functional Requirements for CollaborationFunctional Requirements for Collaboration  

Key IssuesKey Issues
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••  SecuritySecurity
- Instrument- Instrument

- Data- Data

••  Enabling FunctionsEnabling Functions
- Client Access Tools- Client Access Tools

- - Network ConnectivityNetwork Connectivity

- Quality of Service- Quality of Service

Functional Requirements for CollaborationFunctional Requirements for Collaboration  

Key IssuesKey Issues
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Persistent  Electronic SpacePersistent  Electronic Space

WWW Site is an Ideal Proto-type Model WWW Site is an Ideal Proto-type Model 

of a Persistent  Electronic Spaceof a Persistent  Electronic Space

–– Observational ModesObservational Modes
–– Capabilities for both Dynamic and Static DataCapabilities for both Dynamic and Static Data
–– Can Host both Private and Public AreasCan Host both Private and Public Areas
–– Completely Digital MediaCompletely Digital Media
–– A/V CompliantA/V Compliant

–– Enables Data Sharing with minimal workEnables Data Sharing with minimal work
–– Extensible to Application SharingExtensible to Application Sharing
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Persistent  Electronic SpacePersistent  Electronic Space

Characteristics of a Persistent  Electronic “Lab”Characteristics of a Persistent  Electronic “Lab”

–– Always There Always There 
––  Collaboratory Interaction Zone Collaboratory Interaction Zone

•• Offices, Work Areas, Labs, MailboxesOffices, Work Areas, Labs, Mailboxes

–– Access ControlAccess Control

•• ActiveActive
–– Public/Private/RestrictedPublic/Private/Restricted

–– Real Time InteractionsReal Time Interactions

–– EditableEditable

•• PassivePassive
–– Public/Private/RestrictedPublic/Private/Restricted

–– Viewable not EditableViewable not Editable

–– ScalabilityScalability
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Sharable EntiesSharable Enties

Items in the Collaboratory which may be “Sharable”Items in the Collaboratory which may be “Sharable”

–– People / ExpertisePeople / Expertise
•• On-Line Expertise & Knowledge -> Non-Linear InteractionOn-Line Expertise & Knowledge -> Non-Linear Interaction

–– DataData
•• Text/Graphics DocumentsText/Graphics Documents

•• Images, SpectraImages, Spectra

–– InstrumentationInstrumentation

–– Application ProgramsApplication Programs

–– SessionsSessions



 Argonne National Laboratory Argonne National Laboratory
  

Sharing TechniquesSharing Techniques

•• Laboratory/Office EnvironmentLaboratory/Office Environment

–– Tele - Video ConferencingTele - Video Conferencing
–– Lab EnvironmentLab Environment

–– InstrumentationInstrumentation

•• Fixed DataFixed Data

–– Items which do not change with TimeItems which do not change with Time
•• Archived Text, Graphics....Archived Text, Graphics....

•• Archived Data SetsArchived Data Sets

•• Time Sensitive DataTime Sensitive Data

–– Real Time Images / SpectraReal Time Images / Spectra
–– Real Time AnalysesReal Time Analyses
–– Real Time DocumentsReal Time Documents
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Session Control / Discovery Session Control / Discovery 

•• Session Control Session Control 
–– How big is the Collaboratory / User BaseHow big is the Collaboratory / User Base
–– Access Levels (Administrative/Security)Access Levels (Administrative/Security)
–– Must not Must not getget in the way of doing work. in the way of doing work.

•• Access Control Lists (ACL)- passwordsAccess Control Lists (ACL)- passwords

•• User Certificates - Encrypted KeysUser Certificates - Encrypted Keys

•• DiscoveryDiscovery
–– Searchable for the Various Sharable EntitiesSearchable for the Various Sharable Entities
–– State SensitiveState Sensitive

•• Changes with the availability of the EntityChanges with the availability of the Entity

•• Changes with access control levelsChanges with access control levels

–– Directory ServicesDirectory Services
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SecuritySecurity

ll We are putting valuable and complicated facilities  or data We are putting valuable and complicated facilities  or data 
online to the whole worldonline to the whole world

ll The data generated using these facilities may be proprietaryThe data generated using these facilities may be proprietary

ll If security “gets in the way” it will not be used.If security “gets in the way” it will not be used.

ll If security is too weak, valuable assets are at risk.If security is too weak, valuable assets are at risk.
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ll Secure a Web-based prototype Secure a Web-based prototype

ll  Client and server certificates — authenticationClient and server certificates — authentication

ll SSL encryption SSL encryption

ll Host data protection via directory access Host data protection via directory access

ll  Use the Entrust security context to Use the Entrust security context to 

ll Encrypt communication channels Encrypt communication channels

ll Create secure control applications Create secure control applications

ll Create certificate issuing programs Create certificate issuing programs

ll  Create a security services engineCreate a security services engine

SecuritySecurity
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Transport MechanismsTransport Mechanisms
  Infrastructure RequirementsInfrastructure Requirements

SoftwareSoftware  
Data ProtocolsData Protocols

Real TimeStreaming ProtocolsReal TimeStreaming Protocols
Server TypeServer Type
Data Type (Lossy/Lossless)Data Type (Lossy/Lossless)

Client Hardware/SoftwareClient Hardware/Software

Fixed Data Set ProtocolsFixed Data Set Protocols
Time Sensitive /InsensitiveTime Sensitive /Insensitive

SizeSize
FormatFormat

Commerical vs Custom vs SharewareCommerical vs Custom vs Shareware

HardwareHardware  
Transport Medium Transport Medium 
(i.e. the lines)(i.e. the lines)

Network ProtocolsNetwork Protocols
LAN, WAN.....LAN, WAN.....
(Speed, Speed and More Speed)(Speed, Speed and More Speed)

Quality of ServiceQuality of Service
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Resource ManagementResource Management

•• Availablity of the Resource  Availablity of the Resource  (People/Instruments)(People/Instruments)

–– On-Line/Off-LineOn-Line/Off-Line

•• Access ControlAccess Control

–– SafetySafety
–– ExpertiseExpertise

–– Proprietary dataProprietary data

•• Floor ControlFloor Control

–– Who is in ControlWho is in Control

–– How is control passed to othersHow is control passed to others
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Real World InterfacesReal World Interfaces

•• Software InterfacesSoftware Interfaces
–– Security Aware Security Aware 

–– User & Network FriendlyUser & Network Friendly
–– AdaptableAdaptable
–– ScalableScalable

••  Computational Computational 
InterfacesInterfaces

––Data object definitionsData object definitions

––Data passingData passing
––Legacy SystemsLegacy Systems

••  Hardware InterfacesHardware Interfaces
––Adaptable to different sharable entitiesAdaptable to different sharable entities
––Platform independent communications protocolsPlatform independent communications protocols
––Client/server visualization hardwareClient/server visualization hardware
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TelePresense MicroscopyTelePresense Microscopy
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MicroscopyMicroscopy is one of the  is one of the 
few methodologies applied few methodologies applied 

to  nearly every field of to  nearly every field of 
science and technology in science and technology in 

use today. use today. 

A microscope can be as A microscope can be as 
simple as a hand held simple as a hand held 

optical device or as optical device or as 
complex as a multi-million complex as a multi-million 

dollar research tool. dollar research tool. 

Using these instruments,  Using these instruments,  
both scientists and students both scientists and students 
can   explore the synergistic can   explore the synergistic 

relationships of structure relationships of structure 
and properties of a wide and properties of a wide 

variety materials in both the variety materials in both the 
Physical and the Life Physical and the Life 

Sciences.Sciences.
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Microanalysis  & Materials ResearchMicroanalysis  & Materials Research

Materials Science Materials Science 

Determine the relationship of Structure to Properties, because the macroscopic Determine the relationship of Structure to Properties, because the macroscopic 
properties of any material can be ultimately traced to the synergistic relationships of properties of any material can be ultimately traced to the synergistic relationships of 
its constituent phases and any defect structures contained therein.  its constituent phases and any defect structures contained therein.  
  

Microscopy/MicroanalysisMicroscopy/Microanalysis

Methodologies used to determine the Methodologies used to determine the 
structure of matter at a resolution better structure of matter at a resolution better 
than that of the unaided eye using than that of the unaided eye using 
photons, charged particles, or photons, charged particles, or 
mechanical probes. mechanical probes. 

––MorphologyMorphology
––CrystallographyCrystallography

––Elemental CompositionElemental Composition
––Chemical CompositionChemical Composition

––Electronic StructureElectronic Structure
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Electron Microscopy & MicroanalysisElectron Microscopy & Microanalysis

Experimental methodologies which employs electron-optical Experimental methodologies which employs electron-optical 
instrumentation to spatially characterize matter on scales which range from  instrumentation to spatially characterize matter on scales which range from  
tenths of a millimeter to tenths of a nanometer.  The principle modalities tenths of a millimeter to tenths of a nanometer.  The principle modalities 
employed are:employed are:

ImagingImaging

Transmission Electron MicroscopyTransmission Electron Microscopy
Scanning Transmission Electron MicroscopyScanning Transmission Electron Microscopy

Scanning Electron MicroscopyScanning Electron Microscopy

DiffractionDiffraction

Convergent Beam Electron DiffractionConvergent Beam Electron Diffraction
Selected Area Electron DiffractionSelected Area Electron Diffraction
Reflection High Energy Electron DiffractionReflection High Energy Electron Diffraction

SpectroscopySpectroscopy

X-ray Energy Dispersive X-ray Energy Dispersive 

Electron Energy LossElectron Energy Loss
Auger ElectronAuger Electron
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MicroCharacterization via Electron MicroscopyMicroCharacterization via Electron Microscopy

SEMSEM
Scanning Electron MicroscopyScanning Electron Microscopy

TEM - STEM - HREM  TEM - STEM - HREM  
Transmission - Scanning Transmission -  Transmission - Scanning Transmission -  

High Resolution  Electron MicroscopyHigh Resolution  Electron Microscopy

AEMAEM
Analytical Electron Analytical Electron 

MicroscopyMicroscopy
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Morphology, Crystallography, Elemental , Chemical , Electronic StructureMorphology, Crystallography, Elemental , Chemical , Electronic Structure
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• • Cold Field Emission Electron SourceCold Field Emission Electron Source
• Vo: 50 - 300 kV• Vo: 50 - 300 kV

• • Ultrahigh vacuum (UHV) environment Ultrahigh vacuum (UHV) environment 
• ~ 1 x 10• ~ 1 x 10 -11-11  torr - Gun, < 2 x 10 torr - Gun, < 2 x 10 -10-10  torr - Column torr - Column
•< 5 x 10•< 5 x 10 -10-10  torr - Specimen Preparation Chamber torr - Specimen Preparation Chamber

• • Electron Optics capable of : Electron Optics capable of : 
• STEM / SEM: • STEM / SEM: 
• TEM: • TEM: 
• CBED/SAED:• CBED/SAED:
• Other Modes: TSEM, TSED, RHEED• Other Modes: TSEM, TSED, RHEED

•• Side Entry Goniometer Stages Side Entry Goniometer Stages
• RT Double Tilt Beryllium:   • RT Double Tilt Beryllium:   
• LN2 Cooled Double Tilt Be Stage: • LN2 Cooled Double Tilt Be Stage: 
• Single Tilt Heating Stage:  • Single Tilt Heating Stage:  

• • Analytical SubSystems on the E/O Analytical SubSystems on the E/O 
ColumnColumn
 • XEDS , EELS,  AES  • XEDS , EELS,  AES 

• • Specimen Preparation ChamberSpecimen Preparation Chamber
• High Pressure/Temperature Gas Reaction Cell    • High Pressure/Temperature Gas Reaction Cell    
• Thin Film Evaporation Chamber• Thin Film Evaporation Chamber
• Mini-SIMS system - Gallium LMIS, Quad Mass • Mini-SIMS system - Gallium LMIS, Quad Mass 
AnalyzerAnalyzer
• RV LEED & Vacuum Transfer Vessel• RV LEED & Vacuum Transfer Vessel
• ANL MultiPort Station for development work.• ANL MultiPort Station for development work.

• • Computer ControlComputer Control
• • Special Objective Lens Port Special Objective Lens Port 

ConfigurationConfiguration
•7 Experimental Ports on Objective Lens •7 Experimental Ports on Objective Lens 

         for Analytical Equipment         for Analytical Equipment
•3 Additional Ports for Electrical Feedthrus etc...•3 Additional Ports for Electrical Feedthrus etc...

ANL ANL -  -  Advanced  Analytical  Electron MicroscopeAdvanced  Analytical  Electron Microscope
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High Spatial Resolution Measurements of High Spatial Resolution Measurements of 
GB Segregation for IASCC  Studies in 304 /316 SS  GB Segregation for IASCC  Studies in 304 /316 SS  
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TelePresence Microscopy CollaboratoryTelePresence Microscopy Collaboratory

–– Create a Persistent Virtual Location around Centers of Scientific InterestCreate a Persistent Virtual Location around Centers of Scientific Interest
–– Integrate Operation & Control of Scientific ExperimentsIntegrate Operation & Control of Scientific Experiments

Allow Allow Remote UsersRemote Users  to have either   to have either passivepassive    oror active   active  

participation  to experimentation with access to  both participation  to experimentation with access to  both 
Expertise and InstrumentationExpertise and Instrumentation

 via a platform independant GUI via a platform independant GUI
–– Experimental Windows, Electronic NotebooksExperimental Windows, Electronic Notebooks
–– Meeting Rooms/Offices/ TeleConference LinksMeeting Rooms/Offices/ TeleConference Links

–– Libraries/Data ArchivesLibraries/Data Archives
–– Access to High Performance Data Engines for data processingAccess to High Performance Data Engines for data processing

––  Provide Opportunities for Distance Learning and Remote Collaboration  Provide Opportunities for Distance Learning and Remote Collaboration 

at all levelsat all levels  
••  Research and Industrial Collaborations Research and Industrial Collaborations

••  Middle / High / and Univeristy Levels Middle / High / and Univeristy Levels

––  Provides a set of requirements which taxes the limits of the Internet Provides a set of requirements which taxes the limits of the Internet
Imaging, Spectroscopy, Real-Time Control, ConferencingImaging, Spectroscopy, Real-Time Control, Conferencing, ......, ......



 Argonne National Laboratory Argonne National Laboratory
  

  GoalsGoals

–– To Integrate these three key elements (To Integrate these three key elements (Instruments, Data, and InvestigatorsInstruments, Data, and Investigators) into ) into 
a collaboratorative framework by creating an Interactive Multi-Disciplinary a collaboratorative framework by creating an Interactive Multi-Disciplinary 
Persistent Electronic Space  focussed around Areas of Scientific Excellence/Persistent Electronic Space  focussed around Areas of Scientific Excellence/
ExpertiseExpertise

•• Physical SciencesPhysical Sciences: Physics , Materials ,  Mechanical, Electrical & BioEngineering,.....: Physics , Materials ,  Mechanical, Electrical & BioEngineering,.....
•• Life SciencesLife Sciences: Biological Sciences,  Pathology, Medicine , ......: Biological Sciences,  Pathology, Medicine , ......

–– Establish the Establish the Enabling FactorsEnabling Factors which govern operation & control of scientific  which govern operation & control of scientific 
instruments over high speed networks using the Current and Next Generation instruments over high speed networks using the Current and Next Generation 
Internet as the transport backbone,  while using  TPM Collaboratory as focus/tool Internet as the transport backbone,  while using  TPM Collaboratory as focus/tool 
of the  interaction.  of the  interaction.  

–– Incorporate TPM  into the Incorporate TPM  into the Research EnvironmentResearch Environment as well as in  as well as in Distance LearningDistance Learning

TelePresence Microscopy CollaboratoryTelePresence Microscopy Collaboratory
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BenefitsBenefits

–– Access to Unique Research ToolsAccess to Unique Research Tools
•• On-Line Shared On-Line Shared ResourcesResources and  and ExpertiseExpertise

•• Permanent and Natural GUI Interface to Instruments and DataPermanent and Natural GUI Interface to Instruments and Data
•• Service & Diagnosis of Instrumental ProblemsService & Diagnosis of Instrumental Problems

–– Persistent Electronic LaboratoriesPersistent Electronic Laboratories
•• Setup and Continue Experiments within a CollaboratorySetup and Continue Experiments within a Collaboratory

•• Maintain Contact with Colleagues Regardless of LocationMaintain Contact with Colleagues Regardless of Location

–– Education, Teaching, Training to/from Remote SitesEducation, Teaching, Training to/from Remote Sites
•• Interfaces for Novice, Operator & Expert UsersInterfaces for Novice, Operator & Expert Users

–– Government / Industry/ University/ K-12  Government / Industry/ University/ K-12  

TelePresence Microscopy CollaboratoryTelePresence Microscopy Collaboratory
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TelePresence Microscopy CollaboratoryTelePresence Microscopy Collaboratory

ArchitectureArchitecture

User WorkstationUser Workstation

Collaboratory ServerCollaboratory Server

Resource:Resource:
Instrumentation,Instrumentation,
Data, ExpertiseData, Expertise

Control Systems  Control Systems  

InternetInternet  

Interface ElectronicsInterface Electronics

Inter- System CommunicationsInter- System Communications
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Edu Com Gov Org Individuals
Organization 51% 24% 19% 3% 3%

USA Rest of the
World

Location 67% 33%

Platform: USA Only World Wide Operating Systems
PC Based 206 (41%) 293 (47%) Win 95 (~98%),Win  NT(<1%),

Win 3.1(<1%)OS/2 (< 1%)
Mac Based 251 (49%) 279 (45%) Mac OS V 7.5xx (100%)

Unix Based
SUN 32 (~6%) 36 (~6%) Solaris

Note: 2 sites account for 20 systems!
SGI 9 (~2%) 10 (~2%) SGI

IBM RS 6(~1%) 6(~1%) not specified
DEC 2 (<1%) 2 (<1%) not specified

HP 1(<<1%) 1(<<1%) not specified
NEXT 1(<<1%) 1(<<1%) Next

Total
CPU's 508 628

Fall -1997Fall -1997   

TPM Collaboration DemographicsTPM Collaboration Demographics
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Edu Com Gov Org Individual
s

Organization 51% 24% 19% 3% 3%

USA Rest of the World  Totals
Location 67% 33% 100%
CPU's 508  (81%) 120 (19%)  628 (100%)

Modem ISDN >    T1 SiteWide  (Speed Unknown)
Internet
Connection

13(13
%)

7(7%) 28(28%) 51(52%)

Yes No or Unknown
Firewall 26% 74%
On-Site

CuSeeMe Intel ProShare PicTel Vic/Vat All Others
Video 17 3 3 2 3
Conferencing

NetScape MicroSoft IE All Others
Browser 87% 12% 3%

(some sites run multiple types of browsers hence totals exceed 100%)

TPM Collaboration DemographicsTPM Collaboration Demographics
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FunctionalityFunctionality

••  Platform IndependentPlatform Independent

••  Intuitive GUIIntuitive GUI

••  Responsive to the UserResponsive to the User

••  Adaptable to Wide Range of InstrumentsAdaptable to Wide Range of Instruments

••  Provides What the User Needs to Do the ExperimentProvides What the User Needs to Do the Experiment
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TelePresence MicroscopyTelePresence Microscopy

ApproachApproach

–– Develop an Intuitive Natural Environment -> WWW BasedDevelop an Intuitive Natural Environment -> WWW Based
–– Develop Navigation/Browsing ToolsDevelop Navigation/Browsing Tools
–– Establish High Capacity Protocols for Data Archiving, Establish High Capacity Protocols for Data Archiving, 

Recording, and IndexingRecording, and Indexing
–– Interfaces Workstation Model DevelopmentInterfaces Workstation Model Development
–– Scaleable Interfaces to Scientific InstrumentsScaleable Interfaces to Scientific Instruments

Test Bed SitesTest Bed Sites

ANL Analytical Electron Microscopy Instrumentation ANL Analytical Electron Microscopy Instrumentation ((1994           1994           ))

DoE 2000 Materials Microcharacterization CollaboratoryDoE 2000 Materials Microcharacterization Collaboratory
ANL, LBNL, NIST, ORNL, UofI (ANL, LBNL, NIST, ORNL, UofI (1997           1997           ))
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• Instrument Room• Instrument Room

• Instrument Status• Instrument Status

• Experimental Data• Experimental Data

• On-Line Control• On-Line Control

• Video Conferencing• Video Conferencing

• Electronic Notebooks• Electronic Notebooks

Provides Access to:Provides Access to:  

TelePresence MicroscopyTelePresence Microscopy



 Argonne National Laboratory Argonne National Laboratory
  

Device InteractionsDevice Interactions
User/Instrument InterfacesUser/Instrument Interfaces

Instrument InteractionsInstrument Interactions
Multiple  Vendors & Custom ProtocolsMultiple  Vendors & Custom Protocols

Perphiperal SystemsPerphiperal Systems
  Legacy SystemsLegacy Systems
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Current ArchitectureCurrent Architecture
Instrument Access/ControlInstrument Access/Control

Spectral and Image DataSpectral and Image Data
Acquisition SystemsAcquisition Systems

User InterfaceUser Interface

WWWWWW

RCPRCP

SS
ee
cc
uu
rr
ii
tt
yy

TPMTPM
Server Server 

IntelligentIntelligent
AgentsAgents

CommunicationCommunication
APIAPI

InstrumentInstrument
DriverDriver

ApplicationApplication

MicroscopeMicroscope

TCP/IPTCP/IP

BrowserBrowser TCP/IPTCP/IP
SerialSerial
SCSISCSI

TCP/IPTCP/IP
SerialSerial
SCSISCSI

TCP/IPTCP/IP
SerialSerial
SCSISCSI
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ANL - WWW ANL - WWW 

TPM ServerTPM Server

Provides Provides 

PlatformPlatform
IndependentIndependent

AccessAccess
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On-LineOn-Line

 Instrument Instrument

ControlControl

PlatformPlatform

IndependentIndependent

WWWWWW

InterfaceInterface
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Hardware ArchitectureHardware Architecture
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On-LineOn-Line

 Instrument Instrument
ControlControl

PlatformPlatform

IndependentIndependent
WWWWWW

InterfaceInterface
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TelePresence MicroscopyTelePresence Microscopy
Remote OperationsRemote Operations

Conventional Conventional 

ImagingImaging

DiffractionDiffraction

High High 

ResolutionResolution

ImagingImaging

SpectroscopySpectroscopy
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Next Generation: Software ArchitectureNext Generation: Software Architecture
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ll Data Archiving Data Archiving

ll Session Archiving Session Archiving

ll Data Mining Data Mining

îî  Electronic NotebooksElectronic Notebooks

Persistent Electronic Space ToolsPersistent Electronic Space Tools
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AnAn  Electronic NotebookElectronic Notebook is a repository for objects that document  is a repository for objects that document 
scientific research.scientific research.

                  

Input DataInput Data
Retrieve DataRetrieve Data
Query DataQuery Data

Basic objects are: text, numerical data, images , drawings Basic objects are: text, numerical data, images , drawings 

Persistent Electronic Space ToolsPersistent Electronic Space Tools
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Why an Electronic Notebook?Why an Electronic Notebook?

íí  Virtual Laboratories encourage shared remote access to expensive,Virtual Laboratories encourage shared remote access to expensive,
 one-of-a-kind / state-of-the-art resources. one-of-a-kind / state-of-the-art resources.

íí Remote control of scientific instruments logically Remote control of scientific instruments logically
requires on-line documentation of capabilities and data.requires on-line documentation of capabilities and data.

íí Collaboration of distributed researchers is Collaboration of distributed researchers is
enhanced by a common record keeping device.enhanced by a common record keeping device.

Persistent Electronic Space ToolsPersistent Electronic Space Tools
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Notebook Architecture

TextText
FormsForms

HTML Editors HTML Editors 
Java Applets Java Applets 

Live DataLive Data

Web BrowserWeb Browser

Submit / RetrieveSubmit / Retrieve

RequestsRequests

StoreStore

RetrieveRetrieve
Time StampedTime Stamped

Flat File StorageFlat File Storage

NoteBook EngineNoteBook Engine

CGICGI
Java, PerlJava, Perl

StorageStorageInput Modules Input Modules 

UserUser
InterfaceInterface

WWW - User Interface WWW - User Interface 
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TelePresence MicroscopyTelePresence Microscopy

Electronic NoteBooks Electronic NoteBooks 

On-LineOn-Line
 Data Sharing Data Sharing

and and 
CollaborationCollaboration
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320 x 240

160x120

Imaging over the Net : Bandwidth Issues

Image Size (Kb)JPEG
Quality 160x120 320x240 640x480

10 2.6 6.8 20
20 3.1 7.6 22.4
30 3.6 8.5 24.7
40 4.1 9.3 27.1
50 4.6 10.2 29.4
60 5.0 11.0 31.8
70 5.5 11.9 34.1
80 6.0 20.7 53.0
90 8.8 28.0 78.7

100 22.3 74.9 229.2
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640 x 480
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Imaging over the Net : Bandwidth IssuesImaging over the Net : Bandwidth Issues

BandwidthJPEG
Quality 28.8 Kbps 56Kbps 1.5 Mbps 10 Mbps 45 Mbps 100Mbps

10 1.03 2.51 69 449 2018 4485

20 0.88 2.14 59 382 1721 3824

30 0.77 1.87 51 333 1500 3332

40 0.68 1.65 45 295 1329 2953

50 0.61 1.48 41 265 1193 2651

60 0.55 1.35 37 240 1082 2405

70 0.51 1.23 34 220 990 2021

80 0.47 1.14 31 202 913 2028

90 0.32 0.78 22 140 629 1367

100 0.13 0.31 9 56 251 557

Maximum Aggregated Frames per Second    640x480 ImageMaximum Aggregated Frames per Second    640x480 Image
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TelePresence MicroscopyTelePresence Microscopy

BenefitsBenefits

–– Access to Unique Research ToolsAccess to Unique Research Tools
•• On-Line Shared Resources and ExpertiseOn-Line Shared Resources and Expertise

•• Permanent and Natural GUI Interface to Instruments and DataPermanent and Natural GUI Interface to Instruments and Data

•• Service & Diagnosis of Instrumental ProblemsService & Diagnosis of Instrumental Problems

–– Persistent Electronic LaboratoriesPersistent Electronic Laboratories
•• Setup and Continue Experiments within an Setup and Continue Experiments within an eLabeLab

•• Maintain Contact with Colleagues Regardless of LocationMaintain Contact with Colleagues Regardless of Location

–– Education, Teaching, Training to/from Remote SitesEducation, Teaching, Training to/from Remote Sites
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TelePresence MicroscopyTelePresence Microscopy

Middle/High School CollaboratoriesMiddle/High School Collaboratories

Netscape Client on Mac’s & PC’s  in Classroom Netscape Client on Mac’s & PC’s  in Classroom 
provides simple and  inexpensive  interface provides simple and  inexpensive  interface 
where students and remote instructors can where students and remote instructors can 
interact with Microscopes.interact with Microscopes.

Live Video Conferencing using  “CuSeeMe” Live Video Conferencing using  “CuSeeMe” 
provides low cost interactions between provides low cost interactions between 
Instructor and StudentsInstructor and Students
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Middle/High School CollaboratoriesMiddle/High School Collaboratories
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Middle/High School CollaboratoriesMiddle/High School Collaboratories
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Educational Outreach / Distance LearningEducational Outreach / Distance Learning

•• Electronic collaboratories are a natural and accessible Electronic collaboratories are a natural and accessible 
educational resource educational resource 

•• Web-based, schools should not require specialized Web-based, schools should not require specialized 
software / hardware software / hardware 

•• Teaching should be interactiveTeaching should be interactive

•• Learn to “collaborate”  remotelyLearn to “collaborate”  remotely
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DOE 2000DOE 2000
Materials MicroCharacterization CollaboratoryMaterials MicroCharacterization Collaboratory
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DOE 2000DOE 2000

••  DOE 2000 seeks to usher in a new era of scientific DOE 2000 seeks to usher in a new era of scientific 

collaboration that transcends geographic, discipline, collaboration that transcends geographic, discipline, 

and organizational boundaries.and organizational boundaries.

••  The vision of DOE  2000 is to accelerate the ability of the The vision of DOE  2000 is to accelerate the ability of the 

Department of Energy to accomplish its mission Department of Energy to accomplish its mission 

through advanced computing and collaboration through advanced computing and collaboration 
technologies.technologies.
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  DOEDOE  20002000  GoalsGoals

•• Improved ability to solve DOE's complex Improved ability to solve DOE's complex 
scientific problemsscientific problems

•• Increased R&D productivity and efficiencyIncreased R&D productivity and efficiency

•• Enhanced access to DOE resources by R&D partnersEnhanced access to DOE resources by R&D partners
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DOE 2000 StrategiesDOE 2000 Strategies

••Build National CollaboratoriesBuild National Collaboratories

••Build an Advanced Computational Testing and Build an Advanced Computational Testing and 
Simulation (ACTS) toolkit Simulation (ACTS) toolkit 

••Provide an authentication and security infrastructure Provide an authentication and security infrastructure 

••Foster partnerships Foster partnerships 

••Use off-the-shelf solutions whenever possible Use off-the-shelf solutions whenever possible 

••Conduct R&D when necessary to meet objectivesConduct R&D when necessary to meet objectives
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DOE 2000 National CollaboratoriesDOE 2000 National Collaboratories

•• Put unique or expensive DOE research facilities on the Put unique or expensive DOE research facilities on the 
internet for remote collaboration, experimentation, internet for remote collaboration, experimentation, 

production, or measurement. production, or measurement. 

•• Provide collaborative tools: videoconferencing, shared Provide collaborative tools: videoconferencing, shared 
electronic notebooks, shared whiteboards, shared electronic notebooks, shared whiteboards, shared 

document creation, shared data-viewing and analysis tools. document creation, shared data-viewing and analysis tools. 

•• Provide tools for sharing and integrating DOE scientific Provide tools for sharing and integrating DOE scientific 
information. information. 
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 DOE 2000 Program Components DOE 2000 Program Components

•• Advanced Computational Testing and SimulationAdvanced Computational Testing and Simulation

•• Collaboratory Technology Research ProjectsCollaboratory Technology Research Projects

•• Collaboratory Pilot Projects Collaboratory Pilot Projects 
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DOE 2000 DOE 2000 
Technology Research & Development ProjectsTechnology Research & Development Projects

••  Collaborative Integration Framework Collaborative Integration Framework 

•• Electronic Notebooks  Electronic Notebooks 

•• Collaborative Session Management  Collaborative Session Management 

•• Shared Virtual Spaces  Shared Virtual Spaces 

•• Scalable Security Architecture  Scalable Security Architecture 

•• ESnet Quality of Service  ESnet Quality of Service 

•• Floor Control Floor Control



 Argonne National Laboratory Argonne National Laboratory
  

Many DOE Scientific Facilities Have Common Many DOE Scientific Facilities Have Common 

RequirementsRequirements

••  Remote collaboration Remote collaboration

••  Shared data processing and analysis via internet Shared data processing and analysis via internet
••  Video conferencing Video conferencing

••  Security for proprietary information Security for proprietary information
••  Utilization of licensed databases and software Utilization of licensed databases and software

•  Remote instrument controlRemote instrument control

••   Platform independent interfaces for axes & accessoriesPlatform independent interfaces for axes & accessories
•• Web or internet based controlWeb or internet based control
•• Collision protection and safeguardsCollision protection and safeguards

••  Video image server feedback on system condition Video image server feedback on system condition
••  Security for instruments and data Security for instruments and data
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 DOE 2000 Collaboratory Pilot Projects DOE 2000 Collaboratory Pilot Projects

•• The Diesel Combustion CollaboratoryThe Diesel Combustion Collaboratory  

•• Science Area:  Science Area:  Diesel engine emissions control Diesel engine emissions control 

•• Partners:  Partners:  SNL, LBNL, LLNL, Univ. of Wisc. SNL, LBNL, LLNL, Univ. of Wisc. 

•• Industrial Partners:  Industrial Partners:  Cummins Engine Co.; Caterpillar, Inc.; Detroit Diesel Cummins Engine Co.; Caterpillar, Inc.; Detroit Diesel 

•• The Materials MicroCharacterization CollaboratoryThe Materials MicroCharacterization Collaboratory (MMC (MMC))

•• Science Area:  Science Area:  Microstructure of technologically advanced materials, with Microstructure of technologically advanced materials, with 
           focus on interface characterization            focus on interface characterization 

•• Partners:Partners:    ORNL, LBNL, ANL, NIST, Univ. of Illinois ORNL, LBNL, ANL, NIST, Univ. of Illinois 

•• Industrial Partners:  Industrial Partners:  Gatan, Inc.; RJ Lee Instruments Ltd.; EMiSPEC Gatan, Inc.; RJ Lee Instruments Ltd.; EMiSPEC 
Systems, Inc.; Philips Electron Optics; NSA - Hitachi Scientific Instruments; Systems, Inc.; Philips Electron Optics; NSA - Hitachi Scientific Instruments; 
JEOL USA, Inc.; Sun Microsystems, Inc.; Graham Technology Solutions, Inc.JEOL USA, Inc.; Sun Microsystems, Inc.; Graham Technology Solutions, Inc.
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ANLANL  LBNL  LBNL  

NIST  NIST  

ORNL ORNL 

U. of Illinois    U. of Illinois    

URL:  http://tpm.amc.anl.gov/MMCURL:  http://tpm.amc.anl.gov/MMC

EMail: MMC@aaem.amc.anl.govEMail: MMC@aaem.amc.anl.gov

MaterialsMaterials
MicroCharacterization MicroCharacterization 

CollaboratoryCollaboratory

DOE 2000DOE 2000
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–– Argonne National LaboratoryArgonne National Laboratory
•• Nestor J. Zaluzec Nestor J. Zaluzec 

–– MSD/AAEM TPM CollaboratoryMSD/AAEM TPM Collaboratory

–– Lawrence Berkeley National LaboratoryLawrence Berkeley National Laboratory
•• Michael A. O’Keefe Michael A. O’Keefe 

––   National Center for Electron MicroscopyNational Center for Electron Microscopy

–– National Institutes of Standards and TechnologyNational Institutes of Standards and Technology
•• Michael Postek Michael Postek 

–– National Advanced Manufacturing Tesbed / Nano-Scale Metrology ProgramNational Advanced Manufacturing Tesbed / Nano-Scale Metrology Program

–– Oak Ridge National LaboratoryOak Ridge National Laboratory
•• Kathi Alexander , Edward KenikKathi Alexander , Edward Kenik

–– Shared Research Equipment (SHaRE) & Users Facility ProgramShared Research Equipment (SHaRE) & Users Facility Program
•• Edgar Voelkl Edgar Voelkl 

–– HTML Materials Analysis ProgramHTML Materials Analysis Program
•• Michael WrightMichael Wright

–– Neutron Diffraction Neutron Diffraction 

–– University of IllinoisUniversity of Illinois
•• Jim Mabon Jim Mabon 

–– Center for Microscopy & MicroanalysisCenter for Microscopy & Microanalysis

Collaboratory Members/Principle InvestigatorsCollaboratory Members/Principle Investigators
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MMC GoalsMMC Goals

•• To extend, improve and mold the electronic laboratory To extend, improve and mold the electronic laboratory 
environments already in place at each of these Centers into a single environments already in place at each of these Centers into a single 
cohesive virtual laboratory, accessible from anywhere on the cohesive virtual laboratory, accessible from anywhere on the 
Internet.Internet.

•• To use the extended capabilities of the virtual Collaboratory to To use the extended capabilities of the virtual Collaboratory to 
address materials sciences research problems related to interfaces address materials sciences research problems related to interfaces 
and surfaces in economically important materials of interest to DOE and surfaces in economically important materials of interest to DOE 
programs.programs.

•• To develop a functional, interactive electronic collaboratory having To develop a functional, interactive electronic collaboratory having 
the necessary tools for operation by the microanalysis community; the necessary tools for operation by the microanalysis community; 
leading to a truly new paradigm in scientific researchleading to a truly new paradigm in scientific research..



 Argonne National Laboratory Argonne National Laboratory
  

Materials MicroCharacterization CollaboratoryMaterials MicroCharacterization Collaboratory

http://tpm.amc.anl.gov/mmchttp://tpm.amc.anl.gov/mmc
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Univ. of Illinois Univ. of Illinois 

ORNL ORNL 

LBNLLBNL

NISTNIST

Materials Materials 
MicroCharacterization MicroCharacterization 

CollaboratoryCollaboratory

ANLANL
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MultiSite CollaborationMultiSite Collaboration
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MMC Instrumentation ResourcesMMC Instrumentation Resources

Site Instrument Online Uniqness Vendor
ANL Analytical SEM WWW SEM, Outreach Philips
ANL Advanced AEM WWW & Java HR AEM, EDS,EELS, AES VG
LBNL EM-1500 Custom Unix

& Java
1.5 MV HVEM, in situ Kratos

LBNL CM300FEG WWW 1Å resolution TEM Philips
LBNL DEC Alpha Image Simulations DEC
U of I DSM-960 WWW Analytical/Teaching SEM,

EDS, cathodoluminescence,
EBSP texture

Zeiss

U of I S-4700 WWW HR low voltage FEG-SEM,
EDS

Hitachi

U of I H-9000 HR TEM (300 kV) Hitachi
U of I LEEM UHV Low Energy EM, in

situ, UHV connection to
EPI-Center

NIST S-4500 WWW NanoMetrology Hitachi
ORNL (EE) HF-2000 Timbuktu &

Digital MicroG
Holography, EFI, EDS, FEG
TEM

Hitachi, Gatan

ORNL (EE) S-4500 Timbuktu &
Digital MicroG

HR-SEM, EDS Hitachi, Gatan

ORNL (ER) CM200FEG FEG TEM, spectrum
imaging

Philips, EMiSPEC

ORNL (ER) XL30 WWW FEG SEM, texture mapping,
WDS/EDS

Philips

ORNL (ER) SGI 3D atom probe visualization SGI
ORNL (EE) HFIR beamline WWW

LabView
Neutron diffraction

ORNL (EE) NSLS/APS beamlines Xray diffraction
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One  Solution is Not Always the Answer!

Neutron Residual Stress Mapping Facility Neutron Residual Stress Mapping Facility 
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Out Year Out Year 

Affiliates   Affiliates   

Users  Users  

Industrial  Industrial  

Collaborators Collaborators 

ANLANL  LBNL  LBNL  

NIST  NIST  

ORNL ORNL 

U. of Illinois    U. of Illinois    

Materials MicroCharacterization  CollaboratoryMaterials MicroCharacterization  Collaboratory
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MultiSite CollaborationMultiSite Collaboration



 Argonne National Laboratory Argonne National Laboratory
  

ll Establish a Suite  of Video Conferencing Tools which are Establish a Suite  of Video Conferencing Tools which are 
compatible with the hardware and Software in the compatible with the hardware and Software in the 
CollaboratoryCollaboratory

ll Determine the Applicability to Needs of the SiteDetermine the Applicability to Needs of the Site
ll Determine their Limitations:Determine their Limitations:

-- AccessibilityAccessibility
-- Ease of UseEase of Use
-- BandwidthBandwidth
-- Platform DependenciesPlatform Dependencies

-- FunctionalityFunctionality
ll Evaluate and  Develop a Scheme for  HarmonizationEvaluate and  Develop a Scheme for  Harmonization
ll Integration into the Inter-operability FrameworkIntegration into the Inter-operability Framework
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Network Based Video Conferencing is Possible, Network Based Video Conferencing is Possible, 
but Immaturebut Immature
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Java - Based Tools 
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Collaboratories focus on Collaboratories focus on Resources Resources  in an interactive persistent  in an interactive persistent 
electronic space. electronic space. 

In the MMC / TPM Collaboratory  we are exploring and In the MMC / TPM Collaboratory  we are exploring and 
developing an electronic virtual environment equipped with developing an electronic virtual environment equipped with 
state-of-the-art resources (consisting of both expertise as well state-of-the-art resources (consisting of both expertise as well 
as instrumentation) which revolves around a common theme of  as instrumentation) which revolves around a common theme of  
Microscopy and Microanalysis applied to both  Education and Microscopy and Microanalysis applied to both  Education and 
Research. Research. 

Interactive  CollaboratoriesInteractive  Collaboratories
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Interactive  CollaboratoriesInteractive  Collaboratories

By placing creative scientists having varying yet complementary By placing creative scientists having varying yet complementary 
expertise together in a new environment which allows convenient, expertise together in a new environment which allows convenient, 
rapid and dynamic interactions to flow unencumbered by the limits of rapid and dynamic interactions to flow unencumbered by the limits of 
time and distance, we expect to not only foster, but enhance, the time and distance, we expect to not only foster, but enhance, the 
ability of these individuals to conceive and execute scientific researchability of these individuals to conceive and execute scientific research..

It is essential to remember that, at the end of the day, it is not the It is essential to remember that, at the end of the day, it is not the 
instrumentation which produces the science but rather the individuals instrumentation which produces the science but rather the individuals 
who formulate and execute experiments designed and carried out who formulate and execute experiments designed and carried out 
using the "tools" which they have at their disposal.using the "tools" which they have at their disposal.
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DoE 2000DoE 2000
Materials MicroCharacterization CollaboratoryMaterials MicroCharacterization Collaboratory

MMC@AAEM.AMC.ANL.GOVMMC@AAEM.AMC.ANL.GOV

URL = http://tpm.amc.anl.gov/mmcURL = http://tpm.amc.anl.gov/mmc

 ANL TelePresence Microscopy CollaboratoryANL TelePresence Microscopy Collaboratory

Zaluzec @ AAEM. AMC.ANL.GOV Zaluzec @ AAEM. AMC.ANL.GOV 

  URL = http://tpm.amc.anl.govURL = http://tpm.amc.anl.gov
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TelePresence Microscopy CollaboratoryTelePresence Microscopy Collaboratory

http://tpm.amc.anl.gov http://tpm.amc.anl.gov 
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 Demonstration  Demonstration 
Connection to  ANL TPM SiteConnection to  ANL TPM Site
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•• Install a copy of NetScape Version 2.0 or 3.0 on your Install a copy of NetScape Version 2.0 or 3.0 on your 
ComputerComputer

–– The TPM Server software is computer platform independent you may use any The TPM Server software is computer platform independent you may use any 

Macintosh, Intel/PC, or Unix Macintosh, Intel/PC, or Unix  computer. The faster your CPU the better the performance,  computer. The faster your CPU the better the performance, 

a high resolution 17” ( 800 x 600 pixel ) monitor is recommended but not required.a high resolution 17” ( 800 x 600 pixel ) monitor is recommended but not required.

–– Microsoft Microsoft Internet Explorer  (IE)   software  Internet Explorer  (IE)   software  isis  notnot   compatible compatible  with the TPM server with the TPM server

•• Using your WWW Browser login to the TPM Public SiteUsing your WWW Browser login to the TPM Public Site
–– http://tpm.amc.anl.govhttp://tpm.amc.anl.gov

–– Use the fastest connection to the Internet you can obtain Use the fastest connection to the Internet you can obtain 

•• Fast Modems are usable but not recommendedFast Modems are usable but not recommended

•• ISDN is acceptable,  T1 connections are  fineISDN is acceptable,  T1 connections are  fine

•• To Operate the Microscope over the Internet To Operate the Microscope over the Internet 
–– You must login to the TPM Private Site. You must login to the TPM Private Site. 

–– This requires authorization and is password protected.This requires authorization and is password protected.

–– Video Conferencing software is recommended but  not  necessary a Telephone may substituteVideo Conferencing software is recommended but  not  necessary a Telephone may substitute

–– Contact Nestor Zaluzec to discuss your experiment and/or needsContact Nestor Zaluzec to discuss your experiment and/or needs

•• Email: Zaluzec@aaem.amc.anl.govEmail: Zaluzec@aaem.amc.anl.gov

•• Tel: 630-252-5075 or -7901Tel: 630-252-5075 or -7901

Accessing  the TPM CollaboratoryAccessing  the TPM Collaboratory
 from  your DeskTop Computer from  your DeskTop Computer


